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Wednesday, February 29, 2012 675aindependent of cell size, and that calcium cycling protein density is indepen-
dent of cell area and size. It’s well documented that the gap junction protein,
connexin-43(Cx43), is highly expressed in peripheral vs. central SAN area.
Since it is possible that cell size doesn’t completely discriminate between
Cx43-negative and positive cells, we measured Cx43-immunolabeling, electro-
physiological and Ca2þ cycling properties of single isolated SANC.
Freshly isolated adult rabbit Cx43-negative SANC are, on average, smaller
(592.359.2mm2, n=579) than Cx43-positive SANC (747.8512.2mm2,
n=571, p<0.001), but there is no difference in the spontaneous AP cycle
length based on Cx43 expression (340.2513.6ms n=30 in Cx43-negative
cells, vs. 326.559.0ms n=50 in Cx43-positive cells, p=0.39). AP parameters
also do not differ between Cx43-negative and positive cells, but the AP of
later has a shorter repolarization time (APD90: 136.958.6ms vs.
110.254.8ms, p<0.01), which is not related to cell size. No significant
differences are detected in the major characteristics of basal AP-triggered
Ca2þ-transient or spontaneous Local-Ca2þ-Releases during diastolic depolar-
ization between Cx43-negative and positive SANC. Acute b-AR stimulation
(1mM isoproterenol) reduces the AP cycle length to the same level in both
Cx43-negative and positive SANC (257.359.0ms n=9 vs. 271.657.7ms
n=14, respectively, p=0.25), and no differences of APD90 are detected
(p=0.17).
Our results indicate that although different in size, there is no statistical differ-
ence between single isolated Cx43-negative and positive SANC of spontaneous
AP cycle length or during maximal b-AR stimulation.
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Atrial fibrillation (AF) is associated with atrial conduction disturbances caused
by electrical and structural remodeling. We hypothesized that expression of the
gap junction protein connexin 43 is reduced during AF, and that atrial Cx43
gene transfer would prevent persistent atrial fibrillation. The first aim of this
study was to assess whether atrial fibrillation (AF) is associated with connexin
remodeling in a porcine model. Second, a strategy to suppress persistent AF by
gene therapy was developed and evaluated in vivo.
AF was inducedin domestic pigs via atrial burst pacing, causing a 62.4% re-
duction of atrial Cx43 protein. Adenoviruses encoding for connexin 43 (Ad-
Cx43) or green fluorescent protein (Ad-GFP) were injected into both atria,
followed by epicardial electroporation to enhance transgene expression.
Ad-Cx43 treated animals did not exhibit persistent AF during the observation
period of 14 days. In contrast, control animals developed persistent AF
within 7.4 5 0.5 days. Rapid ventricular heart rates during AF led to dete-
rioration of cardiac function in control pigs but not in animals treated with
Ad-Cx43.
In conclusion, our results highlight the contribution of connexin 43 to atrial fi-
brillation and demonstrate the viability of electrophysiological gene therapy for
prevention of atrial arrhythmias.
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HCN channels underlie the pacemaker current If, involved in generation,
regulation, and stabilization of sinus rhythm. HCN4 represents the dominant
isotype in the sinoatrial node and channel dysfunction is associated with in-
herited sinus node bradycardia. Here, we report a previously undescribed
HCN4 gene mutation that replaced the positively charged lysine 530 with
an asparagine (HCN4-K530N) in a highly conserved region of the C-linker.
Six members of a German family carrying the HCN4-K530N mutation de-
veloped tachycardia-bradycardia syndrome and persistent atrial fibrillation inan age-dependent fashion. HEK293 cell recordings using whole-cell patch
clamp electrophysiology revealed that homomeric HCN4-K530N mutant
and wild type channels activate at similar potentials and respond equally
upon binding of cAMP. Heteromeric channels, in contrast, showed a signif-
icant hyperpolarizing shift in the half-maximal activation voltage. Moreover,
the effect of cAMP on channel activation and deactivation properties was
significantly increased in heteromeric channels. A comparison of mutant
and wild type C-linker domain models suggests that altered subunit interac-
tions between the A’ and B’ helices and the C’ and D’ helices of the neigh-
boring subunit may change the intersubunit structural dynamics in
heterotetramers of HCN4 wild type and mutant subunits, enforcing inhibi-
tion of channel activity by the nucleotide free cyclic nucleotide binding do-
main in the heterozygous situation. Thus, altered interaction of side chains is
tolerated in homomeric mutant channels but interferes with wild type sub-
units in the heteromeric complex leading to f-channel dysfunction that pro-
motes the development of tachycardia-bradycardia syndrome and persistent
atrial fibrillation.
3427-Pos Board B288
Direct cAMP Binding and PKA Phosphorylation Share a Common Gating
Mechanism in HCN4 Channels
Zhandi Liao, Joshua St Clair, Eric D. Larson, Catherine Proenza.
University of Colorado Denver, Aurora, CO, USA.
Sympathetic regulation of HCN4 channels can occur via two cAMP-dependent
pathways: either direct binding of cAMP to a cyclic nucleotide binding do-
main, or PKA phosphorylation of the distal C terminus. Here, we have inves-
tigated the energetic interactions between these two modulatory mechanisms.
cDNA encoding wildtype or mutant mouse HCN4 channels was expressed in
HEK293 cells, and the voltage-dependence of channel activation was deter-
mined in whole cell voltage clamp experiments. Intracellular dialysis of either
PKA (20 U/ml) or cAMP (1 mM) shifted the activation midpoint (V1/2) of
wild type HCN4 channels by ~10 mV to more depolarized voltages. No addi-
tional shift was produced when both cAMP and PKA were introduced to-
gether, suggesting that the two modulators share a common final pathway in
channel activation. To characterize further the independent effects of each
modulator, we used PKA-insensitive (HCN4-Cx4) and cAMP-insensitive
(HCN4-R669Q) mutant HCN4 channels. In PKA-insensitive HCN4-Cx4 chan-
nels, cAMP significantly shifted the voltage-dependence to more positive po-
tentials, similar to its effect in wildtype HCN4 channels. This result
demonstrates that cAMP modulation of HCN4 does not require PKA phos-
phorylation of the distal C-terminus. In contrast, PKA had no effect on the
voltage-dependence of activation in the cAMP-insensitive HCN4-R669Q
channels. Taken together, the data are consistent with a model in which direct
binding of cAMP and PKA phosphorylation share a final common gating
mechanism, however PKA modulation of HCN4 requires an unmodified
cAMP binding domain.
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Inhomogeneities in the tissue are a determining factor for cardiac function and
can be either structural or functional. Using the voltage sensitive fluorescent
dye di-4-ANEPPS on incubation stained guinea pig preparations allows to
map the tissue’s response to externally applied electric shocks. Previous
work on ventricular muscle preparations revealed a membrane potential mor-
phology that could be relevant during defibrillation [1]. Using a two pulse stim-
ulus protocol we are able to map the excitation response to a short triggering
field pulse and to consequently map the membrane potential morphology re-
sulting from a second field pulse, which is applied in the depolarized state
and is attributed to the interaction of the electric field with the tissue. This ap-
proach is now carried over to atrial preparations. A custom developed object-
positioning and image-stitching method allows for wide view analysis of the
atrial tissue structure. Objective-magnifications of 10x, 20x, 40x and 63x en-
able a multi-scale based analysis with resolutions up to 15 micrometers. This
is augmented with information from transmitted light microscopy so that it is
possible to correlate the membrane potential patterns with the visible structure
of the atrial tissue, providing further insight into atrial excitation and
conduction.
676a Wednesday, February 29, 2012[1] Windisch,H. et al. (2007) Quantification of shock-induced microscopic
virtual electrodes assessed by subcellular resolution optical potential mapping
in guinea pig papillary muscle. J Cardiovasc Electrophysiol; 18(10):1086-
1094
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The precise mechanisms by which atrial fibrillation (AF) initiates are poorly
understood, though conduction block and wavebreak may contribute. Electrical
mapping studies may improve our understanding of the mechanisms of AF;
computational models of the atria may assist through improving data visualiza-
tion, and simulation studies. We seek to test the hypothesis that localized con-
duction slowing precedes conduction block and fibrillation, and occurs in
preserved anatomic locations amongst AF patients.
A smooth, C1-continuous tricubic Hermite model of each atrium in a patient
with AF who gave informed consent was constructed from computed tomogra-
phy (CT) images. Electrical data were recorded with 64-unipole basket elec-
trodes in each atrium. Local activation times were determined manually at
each unipole, and fit as activation time fields to the endocardial surfaces. Acti-
vation patterns at lower rates (~2 Hz) were unremarkable, but isochronal
crowding on the medial aspect of the posterior left atrial wall occurred just be-
fore AF initiated at 220-millsecond paced cycle length (Figure, isochrone spac-
ing of 5 millseconds). This case study suggests that regional conduction
slowing may precede AF initiation, and further study may have implications
for optimal ablation strategies.
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Patient-specific models of cardiac electrophysiology have the potential to
guide ablation procedures for atrial arrhythmias and optimize cardiac re-
synchronization therapy. However, construction of patient-specific geometries
from non-invasive imaging data remains a challenge. Furthermore, most
meshing tools create unstructured meshes, whereas structured meshes have
many desirable properties in numerical analysis. Consequently, we sought
to construct patient-specific cubic Hermite meshes with the topology (struc-
ture) needed to capture the morphological complexity of all four chambers
of the heart.
A morphologically complex quadrilateral or hexahedral mesh requires verti-
ces with an abnormal neighbor number (‘‘extraordinary vertices’’). In order
to construct C1-continuous cubic Hermite meshes with extraordinary vertices,
we defined special frames and transition maps at each mesh vertex that gen-
eralize the concept of the ‘‘local-to-global mapping’’ used previously with cu-
bic Hermite geometries. A tricubic mesh is instantiated from a linear mesh by
use of an interpolating subdivision surface operator, and the tricubic mesh is
used as an initial condition for a subsequent registration to the edges of the
original imaging data. A Galerkin formulation of the monodomain equation
is used to solve for electrical propagation as a cubic potential field. The spe-
cial local-to-global mapping ensures that the potential solution C1-continuous,
which implies continuous currents in the case of the electrophysiology
problem.
Our result is a general framework for solving a 3-D anisotropic reaction-
diffusion problem (in this case, the cardiac electrophysiology problem) on
structured, but topologically complex Hermite meshes. An atlas of high-
quality meshes then can be diffeomorphically registered to a new patient, ow-
ing to well-defined material point correspondences in quadrilateral and hexahe-
dral meshes. Work on the diffeomorphic registration problem in our group is
underway.
3431-Pos Board B292
Feasibility of Long-Distance Transfer for High Resolution Optical
Mapping of Cardiac Tissue Constructs
Nina Tandon1, Luther M. Swift2, Matthew W. Kay2,
Gordana Vunjak-Novakovic1, Narine Sarvazyan2.
1Columbia University, New York, NY, USA, 2The George Washington
University, Washington, DC, USA.An increasing number of protocols are used to create engineered heart tissue
(EHT) constructs, using different progenitors of cardiac cells with various scaf-
folds and bioreactors. Different laboratories develop their own EHT protocols,
which are in most cases highly specialized and involve methods that do not
transfer easily from one lab to another. Likewise, the imaging protocols used
to evaluate the functional, structural and molecular properties of EHTs are
also highly specialized and can involve equipment and methods that do not
transfer well between the labs. As a result, it is often necessary to move
EHTs between the location where they are engineered to locations where
they are used for physiological testing or advanced imaging. In this work, we
establish the feasibility of long-distance overnight shipping of EHTs grown
in at Columbia University with electrical stimulation to George Washington
University for high resolution optical mapping. The EHTs survived overnight
shipping in sealed culture media flasks, as evidenced by robust synchronized
contractions upon arrival at the destination institution. Calcium transients
were readily recordable upon loading of the constructs with Fluo-4. Waves
of electrical activity propagating throughout the constructs were imaged using
high quantum efficiency back illuminated CCD camera. Due to perfusion lim-
itations, cardiomyocyte-containing layers of EHT are usually restricted to
100-300 microns and the cell density is significantly lower than in intact myo-
cardium. Therefore it was critical to show that the intensity and fidelity of the
signals from EHTs stained with the potentiometric dye RH237 are sufficient to
record wave propagation throughout the entire 7 mm-wide EHT with 50 micron
spatial resolution. The data confirm the feasibility of collaborative arrange-
ments between tissue engineering centers and other laboratories for high
resolution fluorescence imaging.
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More than 50% of newborns death is due to the sudden infant death syn-
drome (SIDS). Exposure to cigarette smoke represents the highest risk factor
for SIDS. Cardiac bradycardias are observed in most cases. The cardiac con-
duction system is molded by a resorptive degeneration process (apoptosis).
Nicotine is known to possess anti-apoptotic effects. Therefore, we hypothe-
sized that nicotine disrupts the maturation of the sinoatrial (SAN) and auric-
uloventricular (AVN) nodes, which in return can cause arrhythmias leading
to SIDS.
Osmotic pumps delivering nicotine were implanted in rabbits at their second
week of pregnancy. We characterized the level of apoptosis in SAN of newborn
rabbits exposed or not to nicotine. Moreover, we did patch clamp techniques to
evaluate the effects of nicotine on adrenergic responses. Finally, using quanti-
tative PCR, we quantified the expression of sodium channels in the atria of the
rabbits’ hearts at 0, 7, 14 and 30 days postnatal.
Nicotine decreased apoptosis at 7 days postnatal, thus preventing the early de-
velopment of SAN. At 14 and 30 days when serum nicotine levels reached 0 ng/
ml, apoptosis reached levels similar to unexposed rabbit at 7 days. Nicotine in-
verted the expression pattern of SCN1A and SCN5A in the SAN of rabbits at
0 day postnatal and increased the expression of SCN5A by 70 times in the right
atrium at 30 days postnatal. Expression of SCN1A and SCN4A increased by 4
fold in the 0 day old treated rabbit in the atria. Finally, nicotine suppresses the
effect of isoproterenol on sodium channels.
In conclusion, our study demonstrates that nicotine disturbed the resorptive de-
generation process, delays the development of the SAN and regionally per-
turbed the expression of SCN1A, SCN4A and SCN5A. These changes might
explain the conduction disturbances observed in SIDS.Voltage-gated K Channels: Permeation
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Potassium channels are tetrameric integral membrane proteins that passively al-
low rapid potassium conduction through the cell membrane while being
strongly selective over other monovalent cations. A narrow region known as
